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4. ENVIRONMENTAL CONSEQ UENCES

Chapter4 of this environmental impact statement assesses and compares the potential envirg
consequences of the alternatives described in Chapter

In addition to providing an assessment of direct and indirect impacts of each alternative, ther g
also contains a cumulative effects assessment, which outlines the resulting effects on each
when added to the effects of past, present, and reasonably foreseeable actions within each
areads region of influence.

For a summary of the mjor findings documented in this Chapter, see ChaperTable2i 12,
which is the summary table of environmental consequences.

The National Aeronautics and Space AdministratiblAGA) Sounding Rockets PrograrBRP
operationsat Poker FlatResearch Range (PFRRYnsist principally of a series of suborbital
rocketflights followed byrecovery agbns.

In general, ach SRP launch at PFRR typically entails the following programmatic components
that could result in environmental effects and are therefore considered within this Chapter of the
environmental impact statemel§):

1.

Preflight activities, including receiving, storing, and inspecting rockets and assembling
the scientific payload

Assembling rockets and scientific payload to make up the launch vehicle, transporting the
launch vehicle to the launch pad, mounting the vehicle téativecher, and pointing the
launcher

Releasing small meteorological ballopmgich have payloads recording dataupper
atmospheriaveatherconditions

Series launching of two small test rockets nearby for radar and telemetry
checkout/calibration

Theactual launchin@f the sounding rocketnd surfacéo-surface flight, lasting a matter
of minutes

Immediate posflight activities, including, in some cases, recovery of the payload and
spent stagesnd storing of the launch equipmeand

Longerterm closure activities, such asmeving identified spent stages and payloads
from downrangempact sitesand restoringhesesites to their original condition

How Impacts are Described in this EIS

Projectrelated environmental impacts are described tihgir type, context, intensity, and
duration for eaclaffectedresource areaThe levels of impacts and their specific definitions vary
based on the resource that is being evaluakemt. example, the scale at which an impact may
occur (local, regional,te.) would be different for wetland impacts as compared to economic
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resources. Moreover an otherwise minor impact occurring within a sensitive area could be
considered major given the environmental context.

Table 471 provides a general overview @iow potential impactsare evaluatedin this EIS
Specific considerations that are only applicable to a resource area are described within its
respectivesection

Table 4r1. Evaluation Criteria for Analyzing Environmental Impacts

Type of Impact
Adverse The impact wouldesult in some level of environmental degradation.
Beneficial The impact would result in some level of environmental improvement.

Context of Impact
The impact would naeéxtendbeyond the immediate vicinity of the action causing

Local effect.
Regional The impact wouldccurover a larger geographic scale, such as an ecoregion.
Global The impact wouldccurat the global level

Intensity of Impact (how much)
Substantial impaain or change in a resource area that is easily defined, noticeg
Major and/or calculable but may not be measurable, or exceeds a threshold level thaj
threaten the integrity of one or more resource components.
Noticeable change in a resource ascbut the integrity of the resource remains

Moderate intact.

Minor The impact is at the lowest levels of det_ection (ba!rely measura_lble and with no
perceptible consequences)aould result in onlya minor change in a resource.

Negligible Impact is at the lowest level of measurement or is so low asitorbeasurabland

has no perceptible consequences.

Duration of Impact (how long)
The impact would likely persist for a period greater than the metbamimpact
Long-Term and, depending on the specific resource and project type, would likely extend [
the life of the project.
The impact would only occur for specific, relatiydrief periods during the project
life, interrupted by periods of no impacts (for example, during recovery operatid
The impact would extend for short periods much less than the overall project lif
example, during launch operations)

Medium-Term

Short-Term

Assumptions

The characteristicse(g.,launch vehicle, trajectoryand payloayl and frequencyof missions
conducted at PFRR are highly dependent upon the scientific objectives of the sponsoring
researcheand NASAGs scientific priorities. Therefore, it is not possible to assess every possible
mission scenario that could be proposed for PFRR in thelOesdars.

Accordingly, NASA made certain assumptions regarding the types of rocket, payload, and
recovery operationsthat would most likely occur; these were bagmimarily upon past
experienceinterviews with key personnehnd best professional judgmenthese assumptions
are detailed iMppendcesF and G however, the key overarching assumptions for assessing
impactsare listed below:
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e Future launches from PFR®Rould consist primarily of twe and fourstage rockets (the
TerrierImproved Orion T-10] and the Black Brar{BB] XIlI) ;

e Launch frequency would averadeur launches per year, not exceedieight in any
given year,;

e Launch trajectories would be similar to those floowerthe pastlO years;
e Launches would occur during winter mon{BecemberApril); and

e Recovery operations would occur during aeimter months(MayrSeptembeér unless
necessitated by a safetygterement or scientific need.

Additional assumptions that are only useful dssessing the effects oparticularresource area
are presenteith its respectivenethodologysection.

It is important for the reader of thisnvironmental Impact Statement fine Sounding Rockets
Program at Poker Flat Research Randg®FRREIS) to recognize that recovery efforts would

only be undertaken if a pektunch (or posteport in the case of an existing stage or payload
identified by a person or group not related tadRRFoperations search flight resulted in the
positive identification of NASA SRP associated hardwatde. the case of newly launched
hardware, recent searches have resulted in the identification of approximately half of the known
items. This success rate expected to increase as location devices are improved; however
reader should not assume that all downrange flight hardware would be found in every case.
Therefore, the most reliable (and conservative) product of the assumptions outlined in
AppendixF is an estimated quantification of fuel usage (and resulting air emissions) of recovery
related vehicles. Estimates of flight times (and fuel usage) associated with both search and
recovery would be considered conservative in that greater emissionsl woalr when
conducting both activities.This would also be the case for noise, in which removal activities
would generate more humamduced sounds into the natural environmeétfbwever, when other
resource areaspch aghe wilderness values of spdaise lands, are considered, these scenarios
may underestimate impacts in thiais likely not all hardware would be removedherefore, a

range of potential outcomes could result, and the reader shewdare that when appropriate,
these ranges aregsented for consideration.

How Probability is Considered

The analys of several key resource areas, includmitgllife, land use, and safetyely heavily

on numerical probabilities of flight hardware landing within a particular area of interest. During
both premission planning and in real time during the launch sequence, NASA calculates the
estimated impact points for the sounding rocket stages and the payloads based on information
known about the launcleg.,azimuth, payload weight, direction, andndispeed).While these
calculations provide NASAds best estimates of where these items are expected to impact the

Earth, there is a level of uncertainty associated with these estimates because of the large number
of variables associated with each launeRkp{ained in more detail i€hapter2, Section2.1).

These variations become even more pronounced the higher the payload or spent stage is
launched
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Each mission employs a specific trajectory and it is not practical to estimate potential future
impactsfrom each specific past mission. Evaluation of past launch klat#gever,can identify
trends and areas most likely to be affected by future launcessltingin a more focused
analysis. For this EIS, ypical impactlocations were established s¢vendifferent distances

from the PFRR launch site covering a range of possible launch vehicles, to determine the
probability of a spent stage or paylokhding withina number of potential areas of concern
(seeAppendixG) and to develop search and recovecgnariogseeAppendixF). These impact
points represent composite points for a number of rocket launches from PFRR over the years.
They are not intended to represent the predicted impact points for alllAS%& SRPlaunches

from PFRR, but are inteed to showwhere future launches are maiely to occur and to
graphically illustrate the typical uncertainty, or dispersion, associated with the most common
vehicles The distancesstablished aras follows:

2 kilometers (1.2miles)T 1ststage oBB IX or BB XII

13 kilometers (8.1Imiles) T 1ststage ofT-10 or 2nd stage oBB XI|

55 kilometers (35miles) T Orion

200kilometers (120miles)T 2nd stage oMark 12T-10

300kilometers (180miles)T 2nd stage oBB 1X or BB X

350kilometers (220miles) T 3rd stage oBB XII or 2nd stage oMark 70T-IO
1,000kilometers (620niles) T 4th stage oBB X1

These areas are shown belowHigure 411. More information regarding this methodology is
contained within AppendiG.

How this Chapter is Organized

Similar to ChapteB3 of this EIS, Chaptet is organized by resource area. For each resource, a
brief introduction is provided, followed by a summary of the analytical methodology and specific
assumptionsised to support the analyssd therconcluding with gresentation of impacts for

each alternative. Where relevant, impacts of each alternative on a resource are presented by the
phase of operations to whitthey correspond€.g.,launchor search andecovery).

Consideration of Non-Winter Launches

For some resource areas, a general discussion of potential impacts occurring fraimteon
launches is presented. Although nwimter launches have not occurred within recent years, and

are not expected to occur, the potential for their proposal caeaompletely discounted.
Therefore, a highevel assessment of potential effects and necessary considerations is provided
as a means to identify relevant issues that would need to be addressed should the need for such
an operation arise. Giveonly the cursory level of assessment of potential effects in this
PFRREIS especially those related to wildfire, afiyture proposals for newinter launches

would require more focusednissionspecific National Environmental Policy ActNEPA)
assessment, as appriate.
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4.1 AIR QUALITY

This section describes potential impacts on air quality in and around PFRR and under the launch
corridor as a result of theternatives

4.1.1 Methodology

Under the Clean AiAct (CAA), emissions of stationary sources are regulated through emission
standards for certain categories of sources and permitting programs for new and modified
sources. Emissions from mobile sour¢eg.,cars and trucksare regulated through standards

for fuel production and vehicle efficiencyMobile sources such as sounding rockatsvever,

are not regulated by the CAA.

PFRR activities that may affect air quality include conducting routine site operations
(e.g.,heating of buildings, use of electtig), use ofemployee vehicleand delivery vehicles,

rocket launches, and search and recovery activities. Emissions from ongoing, routine activities
at PFRR were quantified based mtentfuel and electricity use (se@hapter3, Sectior3.1).
Emissions from soundingpcketlauncheswere quantified for vehicles thadre expected to be
usedthe most frequentlyn the future Emissions from rocket launches vary depending on the
launch vehicle, but typically include emisss of carbon dioxide, carbon monoxide, nitrogen
dioxide, aluminum oxide, and other particulate matter. Emissions from launches analyzed in this
PFRREIS were estimated assuming up to four launcheBBXII rockets (se€Table 412) and

four launches ofr-10 rockets (se@able 413) per year. Although other launch vehicles may be
used at PFRR, the number of launches and amount of emissions in any year are expected to be
less than the total emissions from this combination.

Table 412. Black Brant Xl Rocket Launch Air Pollutant Emissions (kilograms)

Stage R Stage 2 Stage ¥ € Stage & €
(Talos) (Taurus) (Black Brant V) (Nihka)
(0.2t0 1.9 (4.2t06.3 (10.6 to 58.9 (96.0 to 153.5
Pollutant km) km) km) km) Total

Carbon dioxide 469 175 14 9 667
Carbon monoxide 465 333 228 66 1,092
Lead 22 11 0 0 33
Hydrogen chloride 0 0 187 67 254
Aluminum oxide 0 0 357 106 463
Sulfur 0 0 1 1 2
Other 0 0 4 2 6

a. Emissions from Stagelsand 2 are to the lower atmosphere.

b. Emissions from Stages 3 and 4 are to the uppeosphere.

c. Aluminum oxidewould be emitted as particulate matter.

Note: To convertkilometers to milesmultiply by 0.6214; kilograms to pounds, By2046.
Key: km=kilometers.

Source: NASA2000a.
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Table 4r3. Terrier -Improved Orion Rocket Launch
Air Pollutant Emissions (kilograms)

Stage B
(Terrier) Stage 2
(Oto 1.5 (Orion)

Pollutant km) (10 to 52 km) Total
Carbon dioxide 160 44 204
Carbon monoxide 228 50 278
Lead 10 0 10
Hydrogen chloride 0 64 64
Aluminum oxide 0 31 31
Sulfur 0 1 1
Copper 0 1 1
Other 0 0 0

a. Emissions from Stage are to the lower atmosphere.

b. Emissions from Stage 2 are to the upper atmosphere.

¢. Aluminum oxidewould be emitted as particulate matter

Note: To convertkilometers to milesmultiply by 0.6214; kilograms to
pounds, by2.2046.

Key: km=kilometers.

Source: NASA2000.

Emissions from search and recovery activities were based on the estimated number of helicopter
and airplane flights per year for each alternative; flight time required for search and recovery in
various areas, as described in Apperfixtypical emissions for hourly operation of this
equipment; and emissions for landing and takeoff operations. Aircraft emission rates were
obtained from the Federal Aviation Administrationdss EDMS [Emissions and Dispersion
Modeling System] program for aircraft emissigfiAA 2010) Emissions for truck transport

and fuel delivery operations during recovery operations were based on miles traveled and
emission rates obtained from the U.S. Environmental Protection Agencybs (EPA) Mobile 6.2
emission factor model for vehicl@dSEPA 2003)

For the evaluation of magnitude of air quality impacts, major impacts would be any that result in
concentrations that exceed ambient starslamt result in degradation of air quality in a
nonattainment area Moderate impacts would be any that result in an increase in ambient
concentrations of more than pércent of the ambient standacd;an increase in toxic pollutant
concentrations abowve guideline level.For mobile source emissiona,moderate impact would
equate toan increase in emissions greater than t®58 (230metric tons)per year for any
criteria pollutant. This value is used by th&PA in its New Source Review standards as an
indicator for impact analysis for listed new major stationary sources in attainment &feas.
similar regulatory threshold is available for mobile source emissioasking any mobile source
emissions thresholds, the 2&h-peryear (236metricton-peryear) per year major stationary
source threshold was used to equitably assess and compare mobile source emissions.

' A nonattainment area is an area that the U.S. Environmental Protection Agency has determinedketsomet
or more of the National Ambient Air Quality Standards for sulfur dioxide, nitrogen dioxide, carbon monoxide,
ozone, lead, and particulate matter. An area may meet the standards for some pollutants, but not for others.
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Minor impacts would be any that result in increases of pollutaeait are less than the levels
specified as moderate impacts, but gredtan ihegligible impacts, which aremeasurable

For the evaluation of duration of air quality impacts, shemn impacts would be any that occur

for brief periods that are much less than the total project life, such as from rocket launches.
Mediumterm impacts would be any that occur for relatively brief periods less than the total
project life but may occur repeatedly, such as from search and recovery operationgerirong
impacts would be any that occur for periods longer than metkum and as longs the life of

the project or longer, such asnissions fronroutine operations at PFRR or the impact from
ozonedepletingsubstances

4.1.2 No Action Alternative
4121 Launch Operations

Emissions from a sounding rocket in the lower atmosphere occur over a few sedbinen
launches occur during the winter, which is normally the case at PFRR and is assumed to be the
case for new launches from PFRR over the nexyeHds, the winds are typically from the
northeast from 6.4 to 8Kllometers per hour (4 to files perhour) (NASA 2000a). These

winds are not strong enough to result in pollutant concentrations high enough to be of concern at
sensitive receptors lldlometers (Imile) or more to the south (Chatanika Lodge and F.E. Gold
Camp). Emissions of a launch oB8 Xll or a T-IO would result in emissions of particulate
matter (primarily aluminum oxide), carbon monoxide, and carbon dioxide, as shown in
Tables412 and473. The BB XII launch vehicle has the highest emissions of the sounding
rockets used at PFRR. tl@r vehicles used at PFRR would have lower emissions and lower
impacts on nearby receptor&ased on this analysilgunchingany sounding rocket shown in
Chapter2, Figure2i2, from PFRR would result in grouddvel air pollutant concentrations
below tre ambient air quality standards.

Emissions from daily activities at PFRR include the operation of heating and ventilation systems,
occasional operation of generators, use of various vehicles to move equipment, and employee
vehicles. Estimated annual enmiss from these activitieare presented in Chapt8rand are
expected to be similar under all the alternatives. Annual emissions from rocket launches are
presented inTable 474, assuming up tat BB Xl launches and4d T-IO launches per year.
Although other launch vehicles may be used, the total emissions are not expected to exceed the
total associated with these launch vehicles.

Air quality impacts from PFRR routine operations wouldd&gionalin scope adversehowever
minor and longerm in duration. Impacts from rocket launches wouldglmal in scope
adverseandminor and shorterm in duration.

Annual emissions from recovery activities would be limitecGttempted recovergf up toone
payload under the No Aicin Alternative, as discussed in Appené#iix Annual emissions from
search and recovery operations are presentd@hhe4r4. Impacts from search and recovery
operations would be regionah scope andadverse however minor and mediunterm in
duration.
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Table 414. No Action Alternative Estimated Annual
Poker Flat Research Range Operation, Launch,
and Search and Recovery Emissions

Emissions (metric tons per year)
PERR Search
Operation | Launches and

Pollutant a b Recovenf | Total
Carbon monoxide 15 5.5 0.2 21
Nitrogen dioxide 6.9 0 <0.1 6.9
PM 0.2 0 <0.1 0.2
PM, 5 <0.1 0 <0.1 0.2
Sulfur dioxide <0.1 0 <0.1 <0.1
Lead 0 0.2 0 0.2
VOCs NR 0 <0.1 <0.1
Hydrogen chloride 0 1.3 0 1.3
Aluminum oxide 0 2.0 0 2.0
Sulfur 0 <0.1 0 <0.1
Copper 0 <0.1 0 <0.1
Other NRd <0.1 NRd <0.1

a. Excludes emissions from rocket launch&snissions are from Chapt8ar

b. Assumes up to eight launches per year. Based on emissions fronBlémk
BrantXll launches and fouFerrierImprovedOrion launches.

c. Assumes up teeight launches per yearecovery of up toone payload and no
recovery of new or existing spent stages.

d. Various toxic air pollutants would be emitted from fossil fuel combustion, but these
emissions would be small.

Key: NR=not reportedPFRR=Poker Flat Research RanB&j,=particulate matter with

an aerodynamic diameter less than or equal toicrometers; VOCs=volatile organic

compounds.

Note: To convertmetric tons to tonamultiply by 11023.

4.1.3 Alternative 1 7 Environmentally ResponsibleSearch and Recovery

4131 Launch Operations

Under Alternativel, air quality impacts from PFRR routine operations would be the same as
those projected for the No Action Alternative. Impacts from rocket launches would also be the
same as those projected for te Action Alternative.

4132 Search and Recovery

Impacts from search and recovastivities would be larger than those projected for the No
Action Alternative because additional search and recosetiyities would be undertaken, as
described in Appendik. On averageattempts would be made to recowgaproximatelytwo
payloadsand 10spent stagewach year under Alternatide as discussed in Appendix
Emissions from search and recovery operations are presenfEabie415. These impacts
would continudo beregional, adversaninor and mediunterm in duration.
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Table 415. Alternative 1 Estimated Annual Poker Flat Research
Range Operation, Launch, and Search and Recovery Emissions

Emissions (metric tons per year)
PFRR Search and

Pollutant Operation? | Launched | Recovenf | Total
Carbon monoxide 15 5.5 34 24
Nitrogen dioxide 6.9 0 0.13 7.0
PM;o 0.2 0 <0.1 0.2
PM, s 0.2 0 <0.1 0.2
Sulfur dioxide <0.1 0 <0.1 <0.1
Lead 0 0.2 0 0.2
VOCs NR 0 0.2 <0.2
Hydrogen chloride 0 1.3 0 1.3
Aluminum oxide 0 2.0 0 2.0
Sulfur 0 <0.1 0 <0.1
Copper 0 <0.1 0 <0.1
Other NRd <0.1 NRd <0.1

a. Excludes emissions from rocket launches. Emissions are from CBapter

b. Assumes up to eight launches per year. Based on emissions froBldokrBrantXIl
launches and fouFerrierimproved Orionaunches.

c. Assumes up to eight launches per yeacpvery of up tawo payloads recovery ofl0
new spent stages abaxisting spent stages, and search onlyi@spent stages

d. Various toxic air pollutants would be emittecbrin fossil fuel combustion, but these
emissions would be small.

Note: To convert metric tons to tons, multiply by 1.1023.

Key: NR=not reportedPFRR=Poker Flat Research RanB#&),=particulate matter with an

aerodynamic diameter less than or equal ntanmicrometers; VOCs=volatile organic

compounds.
4.1.4 Alternative 2 i1 Maximum Cleanup Search and Recovery
4141 Launch Operations

Annual emissions under Alternati2eare presented iffiable 416. Under Alternative?, air
guality impacts from PFRR routine operations Wdobie the same as those projected for the No
Action Alternativeand Alternativel. Impacts from rocket launches would also be the same as
those projected for the No Action Alternatiaed Alternativel.

4142 Search and Recovery

Impacts from search and recoyeactivities would be larger than those projected for the No
Action Alternative or Alternativd because additional search and recowatyities would be
undertaken, as described in Appenix On average} payloads and 1§pent stagewould be
recoveed each year under Alternati2e as discussed in Appendix These impacts would be
regional, adverse, min@and mediursterm in duration.
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Table 416. Alternative 2 Estimated Annual Poker Flat Research
Range Operation, Launch, and Search and Recovery Emissions

Emissions (metric tons per year)
PFRR Search and

Pdlutant Operation? | Launched® | Recover¥ | Total
Carbon monoxide 15 5.5 4.6 25
Nitrogen dioxide 6.9 0 0.2 7.1
PMo 0.2 0 <0.001 0.2
PM, 5 0.2 0 <0.001 0.2
Sulfur dioxide <0.1 0 <0.1 <0.1
Lead 0 0.2 0 0.2
VOCs NR 0 0.25 0.25
Hydrogen chloride 0 1.3 0 1.3
Aluminum oxide 0 2.0 0 2.0
Sulfur 0 <0.1 0 <0.1
Copper 0 <0.1 0 <0.1
Other NRd <0.1 NRd <0.1

a. Excludes emissions from rocket launches. Emissions are from CBapter

b. Assumes up to eight launches per year. Based on emissions froBldokBrantXI|
launches and fouFerrierimproved Orionaunches.

c. Assumes up to eight launches per year, recovefgwofpayloads, recovery df6 new
spent stages and 10 existing spstages, and search only fbspent stages

d. Various toxic air pollutants would be emitted from fossil fuel combustion, but these
emissions would be small.

Note: To convert metric tons to tons, multiply by 1.1023.

Key: NR=not reported; Pleparticulate matter with an aerodynamic diameter less than or

equal ton micrometers; VOCs=volatile organic compounds.

415 Alternative 3 7 Environmentally Responsible Search and Recovery with
Restricted Trajectories
4151 Launch Operations

Restrictedtrajectories wald not change the projected air quality impacts associated with
continued routine operations at PFRRfuture launches. Therefore, air quality impacts under
Alternative3 would be the same as those described under AlterraiiveSectiord.1.3 since
Alternativesl and 3 would have the same number of future launches.

4152 Search and Recovery

Restrictedrajectories would not change the projected air quality impacts associated with search
and recoveryactivities Air quality impacts under Alternativ& would be the same as those
described under Alternativiein Sectiort.1.3 since Alternatives and 3 would have the same
number of search and recovestivities
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4.1.6 Alternative 4 i Maximum Cleanup Search and Recovery wittRestricted
Trajectories
41.6.1 Launch Operations

Restrictedtrajectories would not change the projected air quality impacts associated with
continued routine operations at PFRRfuture launches. Projected air quality impacts under
Alternative4 would be the same as those described under AlterraiiveSectiond.1.4 since
Alternatives2 and 4 would have the same number of future launches.

4.1.6.2 Search and Recovery

Restrictedtrajectories would not change the projected air quality impacts associated with search
and recovenactivities Projected air qualitympacts under Alternativé would be the same as
those described under Alternatizen Sectiord.1.4 since Alternative® and 4 would have the
same number of search and recoatjvities

4.1.7 Summer Launches

Although it is anticipated that launches andial search operations would occur during winter
months and recovery operations would occur during summer months, there could be summer
launches from PFRR, as discussed in Chdht&ectior2.12.4 With regard to potential air
guality impacts, regatess of when the launches occurred, impacts woaldinue to be global,
adverse, minor, and shadgrm in duration

4.2 GLOBAL ATMOSPHERE

This section deals with the impact on the Earthds atmosphere of gases, liquids, and solids emitted

from rockets and pdyads of various NASA SRP launch vehicles during flight. This discussion
is extracted or summarized from tR@al Supplemental Environmental Impact Statement for
Sounding Rocket Progra®RPSEIS)(NASA 2000a) with appropriate modifications to focus
on launches from PFRRGreenhouse gas emissions are included within this section.

The following definitions and typical altitude ranga®gused to describe the Earthis atmosphere
(NASA 2000):

e Lower Atmosphere:

o0 Free Tropospheré?2 to 10kilometers (1.3 to @ miles)

o Atmospheric Boundary Layar0 to 2kilometers (0 to 1.3niles)
e Upper Atmosphere:

0 lonospherda 80 to 1,00kilometers (50 to 62éniles)

0 Mesosphera 50 to 80kilometers (31 to 5dniles)

o Stratosphera& 10 to 50kilometers (6.2 to 3iniles)

42.1 Methodology

The exhaust products from rocket launchesestimated by thermodynamic calculation; this is
usually performed by computer models or by direct measurement when rocket motors are fired in
a stationary location on the grounkh either case, once the relative proportions of each chemical

4712 SEPTEMBER 2012



41 Environmental Consequences

species in the exhauate known, the rocketds trajectory can then be applied to determine the

mass of a particular compound or element that would be emitted at a particular altitude during
flight (NASA 200(). In general, missions into the atmosphere from sounding rocket launches
include halogens (chlorine), particulates (aluminum oxide), carbon monoxide, carbon dioxide,
nitrogen oxides, and trace met@i$ASA 200().

Possible emissions fronpayloads include exhaust products from any pyrotechnic devices,
constituents of batteries, and chemical releases. The impacts of releases from pyrotechnic
devices or constituents of batteries are several orders of magnitude smaller than those of
chemicalreleases and are not addressed [MASA 200(n). Greenhouse gas emissions would

be consideredmoderate ifgreater than 25,00@etric tons (28,00@ns) of carbon dioxide
equivalent direct emissions, the Council on Environmental Qu@lifQ) level abovewhich

further analysis is recommendglutley 2010) Major impacts could be considered to be several
orders of magnitude greater than for a moderate impact. Mirpacts would be any that result

in increases of greenhouse gases that are less thavéhe dpecified as moderate impacts, but
greater than negligible impacts, which ameneasurable Major and moderate impacts @fone
depletingemissions are not readily quantified. For the purpose of this assessment, minor impacts
are those that are quigfiable, and negligible emissions airameasurable

For the evaluation of duration @tmospheriampacts, shorterm impacts would be any that
occur for brief periods that are much less than the total project life, such as from rocket launches.
Mediumterm impacts would be any that occur for relatively brief periods less than the total
project life but may occur repeatedly, such as from search and recovery operationgerirong
impacts would be any that occur for periods longer than metdam and asong as the life of

the project or longer, such as routine operations at PFRR or the impact fromdepteteng
substancesr greenhouse gases that accumulate in the atmosphere.

4.2.2 No Action Alternative
4221 Lower Atmosphere

At the time of launch, the atmospheboundary layer (from O to Blometers [0 to 1.3niles])
may or may not be stable and may have an inversion or a strong wind condition. Thus, the initial
launch rocket plume may move in an unforeseen dire@N&SA 2000).

The potential environmentahpacts in the boundary layer include the follow{hoASA 2000):

e Formation of fismogo due to entrainment of atmospheric nitrogen into the exhaust plume,
leading to formation of nitric acid and tropospheric ozone

e Deposition of hydrogen chloride in the balamy layer and subsequent evolution from
surfaces near the launch site

o Disposal and/or deposition of trace heavy metals and organics in the boundary layer, such
as lead and sulfyand

e Diffusion of exhaust particles, such as aluminum oxide, into the laoutalyer
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The potential environmental impacts in the free troposphere (from 2 kdohteters [1.30
6.2 miles]) include the followingdNASA 200():

Formation ofhigh-altitude clouds, which could lead lmcalizedweather modification

Adsorption of wagr-soluble acids such as hydrogen chloride, resultingadalizedacid

rain; and

Photochemical oxidation of carbon monoxide to carbon dioxide, and nitrogen oxides to

nitric acid and ozone

The lower atmosphere receives the launch vehicle rocket exhaissicera from all first stages,

plus many second stages in thre@d fourstage launch vehicles.
usually contains more propellant than the second stage, the second stage more than the third, and
so on. Thus, the lower atmospleeceives most of the rocket exhaust emissions from a given

launch vehiclgFigures 412 and413) (NASA 200Q).
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Estimatedower atmosphere exhaust emissionstiiertwo most commolaunch vehicles used at
PFRR are presented ihable 477. Three criteria pollutants regulated under the National
Ambient Air Quality Standards set by tl&PA under theCAA are emitted by SRP launch
vehicles at low altitudes: lead, carbon monoxide, and particulates (aluminum oxide)
(NASA 200@).

SEPTEMBER 2012 4115



Draft Environmental Impact Statement foe Sounding Rockets Program at Poker Flat Research Range

Table 417. Poker Flat Research Range Projected Average Annual Lower Atmosphere
(<10kilometers) Rocket Exhaust Emissions (kilogramsfor Sounding Rockets

Altitude

Launch Range | Hydrogen | Aluminum | Carbon | Carbon

Vehicle (km) Chloride Oxide Monoxide | Dioxide | Element | Other | Total
BB Xl

(1st & 2nd 132
stage [Talos| O011.9 0 0 3,192 2,576 0 5,900

(Lead)

and Taurus]

engines)
T-10

(1st stage - 40

[Terrier] orL5 0 0 912 640 (Lead) 0 1,592
engine)
Totalforup | 0 0 4104 | 3216 | 172 | 0 |7492
to 8 vehicles

Key: BB=Black Brant;km=kilometers T-IO=TerrieriImprovedOrion.

Note: Emission represent up four BB Xl launches andour T-10 launches per yearTo convertkilometers to
miles, multiply by 0.6214; kilograms to pounds, &y2046

Source: NASA200@.

Test rockets also emit into the atmospheric boundary layer. Typical lower atmosphere rocket
exhaust emissions from test rockets used at PFRR are presenaddedi8.

Table 418. Poker Flat Research Range Projected Average Annual
Lower Atmosphere (<10kilometers) Rocket Exhaust Emissions
(kilograms) from Test Rockets

Typical
Altitude
Launch Range Carbon Carbon
Vehicle (km) Monoxide | Dioxide | Lead | Methane | Total
rommTest 06 2.7 16 | 0039| 0020 | 4.4
Rockef
Supporting 4 launchés 108 64 1.6 08 176
Supporting 8 launchés 216 128 3.1 1.6 352

a. Calculations based on two -filimeter Test Rockets launched per countdown night.
b. Each sounding rocket launch supported assumestjtgre 10 nights counting down.
Note: To convertkilometers to milesmultiply by 0.6214; kilograms to pounds, By2046.
Source:NASA 200@.

4222 Upper Atmosphere

With two-, three and fourstage launch vehicles, such as ThEO, BB X, andBB XIlI, apogees
into the ionosphere would be reachéd.lower levels of the upper atmosphere (the mesosphere
and stratosphere), there are emissions from ugtpge rockets and attitude control system
(ACS) fluid jets(NASA 200(). Some payloads would empl@pemical réeasedo obtain the
requisite scientific information; these releases typicadliye place at the highest altitudes
(hundreds of kilometers above the Earth).
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Launches

Typical average annual uppstage rocket exhaust emissions X&SA launch vehicles used at
PFRR are presented irable 419. Emissions from most of the launch vehicles are confined to
the stratosphere. Potential environmental impacts in the upper atmosphere include the following
(NASA 200@):

e Thermal radiation changes eluo emissions of water and carbon dioxide and other
species into the very thin atmosphere abové&iletneters (31miles) in the mesosphere
and ionosphere;

e Changes in the ionization level at and abovéi@ifineters (56miles) in the ionosphere,
affecting mdio wave transmission, due to hydrogen chloride emissions;

e Contribution to global warming due to carbon dioxide emissiddiscussed in
Section4.2.2.30f this EIS) and

e Contribution to depletion of the ozone layer in the stratosphere due to emissions of
hydrogen chloride and particulate aluminum oxide, both of which enter into reactions,
which can lead to ozone depletion.

Table 419. Poker Flat Research Range Projected Average Annual Upper Atmosphere
(>10kilometers) Rocket Exhaust Emissions (kilogramsfor Sounding Rockets

Altitude
Launch Range | Hydrogen | Aluminum | Carbon | Carbon
Vehicle (km) Chloride Oxide Monoxide | Dioxide | Element | Other | Total

Black
BrantXI|
(3rd & 4th
stage [Black | 101153 1,016 1,852 1,416 92 0 24 | 4,400
BrantV and
Nihka]
engines)
Terrier
Improved
Orion (2nd 10052 256 124 200 176 4 (Cu) 0 760
stage [Orion]
engine)
Total for up
to 8 vehicles

Key: Cu=copper; km=kilometers.

Note: Emission represent up to four Black Bratit launches and foullerrierImprovedOrion launches per year.

To convert kilometerto miles, multiply by 0.6214kilograms to poundsy 2.2046.

T 1,272 1,976 1,616 268 4 24 | 5,160

The stratosphere is the main region of ozone production in the Earthds atmosphere.
Concentrations vary with the time and place as ozone is caiifincreated and destroyed in
complex reactions. The most destructive species leading to stratospheric ozone depletion are
believed to be chlorine and bromine. The principal terrestrial sources are industrial chlorinated
compounds and emissions fromiaetvolcanoes. Rocket emissions directly in the stratosphere
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are also a contributdfNASA 2000a). Annual stratospheric chlorine releases associated with
NASA launches at PFRR are projected to be, at most, dboutl0thousandths of a percent
(0.0004percent) of all industrial sources in the United States, estimated to be approximately
300,000metric tons(330,000tong annually(NASA 200(). It is expected that there may be a
very small, temporary local stratospheszone reduction effect in the wake of SRP upgiage
rockets, but no global effects (minor, lotegm impacts}or certain observations of deep space
phenomena, it is necessary to align optical instruments accurately using an ACS using directed
jets of @mpressed fluids. These jets may use nitrogen, freons, argon, or neon. All of these are
permanent gases found naturally in the atmosphere except freons. Freons contain chlorine,
which is known to contribute to ozone depletion in the stratosphere. d¥itstse releases are
above 5&kilometers (3Imiles), outside the ozone formation zone, and would not create adverse
impacts.

Tracer Releases

Historically, tracerreleases from sounding rocket payloads at PFRR have been primarily TMA
[trimethylaluminum] at altitudes of 80 to 20Kilometers (50 to 12éniles) (NASA 200Q).
Quantities of TMA released are typically small, approximately several kilogratttsough it is

a liquid at sea level, TMA vaporizes very quickly when released in thetessure envimment

in the upper atmosphere. The TMA reacts spontaneously with oxygen to produce carbon
dioxide, water vapor, and aluminum oxide. bgproductof the reaction is a white light that can

be seen from the ground. At ground lewee material burns vigously because of the high
oxygen concentratignhowever the reaction is much slower at high altituded. complete
description of TMA is provided i€hapter2, Section2.1.2.20f thisPFRR EIS

Other tracers that have been used in the past (or couldebdeirushe future) are metals. The
most common are lithium and barium. To enable these releases, the metal tracer is mixed with
thermite in a payload canister vessel. Thermite is a mixture of iron oxide (rust) and aluminum
powder. Thermite, when igniteburns at several thousand degrees and produces enough heat to
vaporize the metal tracer. The products of the thermite reaction are iron and aluminum oxide.

Potential environmental effects from highitude tracer releases would be minimaCarbon

dioxide and water vapor occur naturally in the atmosphere, although usually not at those
altitudes. Aluminum oxide occurs naturally in the upper atmosphere due to deposition by the
steady influx of small meteorites that ablate at those heights. Thenalunoxide from the

rocket releases is a small fraction of the total aluminum oxide deposited by natural processes.
Some of the tracer metals also occur naturally because of meteor ablation, such as lithium, but
some, such as barium, do not. All of theeesles diffuse rapidly, and the concentrations are
quickly reduced.

Other potential impacts of higdititudetracerreleases identified in tfeRPSEIS(NASA 200Qa)

include visible light emissions that could be observed or that could contamingpanticipating
astronomical observations, release of trace amounts of hazardous materials into the biosphere,
temporary perturbations of the ionosphere causing temporaryptions of communications

links, modification of trace element concentrations in the upper atmosphere, and contamination
of nearby spacecraft by released mate(idiSSA 200().
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42.2.3 Climate Change

Carbon dioxide and other gases in the atmosphere aclddsdrga greenhouse, letting the Sunds

rays through, but trapping some of the heat that would otherwise be radiated back into space.
Emissions of carbon dioxide and other greenhouse gases are believed to affect the Earthis
radiative balance and to resuit changes in global climate. Activities on Earth are emitting
about 26villion metric tons (2%illion tons) of carbon dioxide per year into the atmosphere
(average for 2002005) (IPCC 2007) Total U.S. emissions of carbon dioxide are estimated to
be5.45billion metric tons (6.0billion tons) per yea(DOE 2011) Emissions of carbon dioxide
associated with launches, normal operations, and search and recovery activities are presented in
Table 4710. Annual emissions of carbon dioxide associated WH&SA launches at PFRR
including the continued heating and electrical requirements associated wHioyedroperation

of the PFRRaunch site(seeChapter3, Section3.1.1),areprojected to be, at most, about 4 one
hundred thousandths of a percent (0@Ppercent) of total U.S. emissions of carbon dioxide and

are not considered substantiaHowever, scientific uncertainty limits the ability to assess
directly attributable effect®f greenhouse gases afimate change from selected individual
actions. Therefore, NASA provides only a qualitatizenclusionconcerning these impact3he

No Action Alternative wouldikely create impacts thamcreaseclimate changewhich wouldbe

global, adverse, minor, and loterm.

Table 4110. No Action Alternative Estimated Annual
Poker Flat Research Range Operation, Launchand
Search and Recovery Carbon Dioxide Equivalent Emissions

Emissions (metric tons per year
PFRR Search and
Pollutant Operation? | Launche® | Recovenf | Total
Carbon dioxide (equivalents) 2,100 35 14 2,120

a. Excludes emissions from rocket launches.

b. Assumes up to eight launches per year. Based on emissions frorBléalr BrantXll
launches and fourerrierImproved Orionaunches.

c. Assumes up to eight launches per year, recovery of up to fourgusyland no recovery of
new or existing spent stages.

d. Carbon dioxide equivalents include emissions of carbon dioxide and other greenhouse gases
multiplied bytheir global warming potentigSolomonet al.2007).

Note: To convert metric tons to tons, rtiply by 1.1023.

4.2.3 Alternative 1 1 Environmentally Responsible Search and Recovery
4231 Lower Atmosphere

Impacts from rocket launches under Alternativeould be the same as those described under
the No Action Alternative.

4.2.3.2 Upper Atmosphere

Impacts from rockelaunches under Alternativie would be the same as those described under
the No Action Alternative.
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4.2.3.3 Climate Change
Launch Operations

Under Alternativel, air quality impacts from PFRR routine operations would be the same as
those projected for the No Action Alternative. Impacts from rocket launches would also be the
same as those projected for the No Action Alternative.

Search and Reovery

Impacts from search and recovagtivities would be larger than those projected for the No
Action Alternative because additional search and recosetiyities would be undertaken, as
described in Appendik. Carbon dioxide equivalent emissionsnfr search and recovery
operations are presented Tiable 4111 Similar to the No Action Alternative, the impact on
climate change from the emission of greenhouse gases associated with all of the PFRR activities
would beminor andong-term.

Table 4r11. Alternative 1 Estimated Annual Poker Flat Research Range
Operation, Launch, and Search and Recovery
Carbon Dioxide Equivalent Emissions

Emissions (metric tons per year)
PFRR Search and
Pollutant Operation? | Launched | Recovenf | Total
Carbon dioxide (equivalents)| 2,100 3.5 62 2,166

a. Excludes emissions from rocket launches.

b. Assumes up to eight launches per year. Based on emissions frorBléalr BrantXll
launches and fourerrierimproved Oriondaunches.

c. Assumes recovery of up to four payloads, recovemigtit new spent stages and six existing
spent stages, and search only for 12 spent stages.

d. Carbon dioxide equivalents include emissions of carbon dioxide and other greenhouse gases
multiplied bytheir global warming potentiéSolomon et al.2007).

Note: To convert metric tons to tons, multiply by 1.1023.

4.2.4 Alternative 2 i Maximum Cleanup Search and Recovery
4241 Lower Atmosphere

Impacts from rocket launches under Alternaverould be the same as those described under
the No Action Alternative.

4.2.4.2 UpperAtmosphere

Impacts from rocket launches under Alternaverould be the same as those described under
the No Action Alternative.
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42.4.3 Climate Change
Launch Operations

Annual emissions under AlternatiZeare presented ifiable 4712, Under Alternative, air

guality impacts from PFRR routingctivitieswould be the same as those projected for the No
Action Alternative. Impacts from rocket launches would also be the same as those projected for
the No Action Alternative.

Search and Recovery

Impacts from searcland recovery activities would be larger than those projected for the No
Action Alternative or Alternativd because additional search and recovery activities would be
undertaken, as described in AppenBix Similar to the No Action Alternative, the impamn
climate change from emissions of greenhouse gases from PFRR activities would-teertong

Table 4112. Alternative 2 Estimated Annual Poker Flat Research Range
Operation, Launch, and Search and Recovery
Carbon Dioxide Equivalent Emissions

Emissions (méric tons per year
PFRR Search and
Pollutant Operation@ Launched Recovenf Total
Carbon dioxide (equivalents) 2,100 3.5 100 2,204

a. Excludes emissions from rocket launch&snissions are from Chaptar

b. Assumes up to eight launches per year. Based on emissions frorBléalr BrantXll
launches and fourerrierImproved Orionaunches.

c. Assumes recovery @fpayloadsandl16 spent stages.

d. Carbon dioxide equivalents include emissions of carbon déoxidl other greenhouse gases
multiplied by their global warming potential.

Note: To convert metric tons to tons, multiply by 1.1023.

4.2.5 Alternative 3 7 Environmentally Responsible Search and Recovery with
Restricted Trajectories

Impacts fromthe continued opation of PFRRyocket launcheand search and recovempder
Alternative3 would be the same as those described under Alterrative

4.2.6 Alternative 4 i Maximum Cleanup Search and Recovery wittRestricted
Trajectories

Impacts fromthe continued operation of PFR®cket launchesnd search and recovempder
Alternative4 would be the same as those described under Alterrzative

427 Summer Launches

Although it is anticipated that launches and initial search operations would occur wiuriag
months and recovery operations would occur during summer months, there could be summer
launches from PFRRas discussed in ChaptrSectior2.1.2.4  With regard to potential global
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atmosphere impacts, regardless of when the launches ocgcumeacts would beglobal,
adverse, minor, and lortgrm in duration

4.3 WATER RESOURCES

This section describes potential impactssarface and groumehter resources as a result of the
alternatives

4.3.1 Methodology

Determination of water resource impacts is based on an analysis of the potential for launch and
search and recovery activities to affextrface water mgroundwater qualityas defined by
applicablelaws and regulationsyetland disturbance, degradatiom,l@ss; andwild and Scenic

River corridor disturbance. Consideredin this analysisis activity-related introductionof
contaminantsinto surface water or groundwater resouycesd physical alterationsor
disturbancesf overland surface water flows and groundwater recharge.

Attribute criteria for analyzingotential impacts osurface water and groundwater are presented
in Table 47113.

It should be noted that complete National Wetlands Inventory or comparable coieerB§&RR

and other adjacent areas of inteé@@secessary to delineate and analyze potential NASA SRP
wetland impact®were not available.To assess the potential for wetland impacts, analysis was
conducted based on PFRR ecoregion surface hydrology andndiegttribute information
(seeChapter3, Section3.3.4AEcoregionso).

Table 4r13. Evaluation Criteria for Analyzing Water Resource Impacts

Evaluation Criteria
Attribute Surface Waters | Groundwater
Type
Adverse The impact would result in some level of impairmelggradation, or disturbance
to water resources.
Beneficial The impact would result in some level of environmental improvement to wate
resources.
Water Quality
Context
Global Effect would have worldwide implications on the quality and/or quantityadér
resources
Effect would entail an entire watersheg , - ,
. ) : Effect would entail a surficial aquifer
Regional subbasin, or basin or greater than or major aquifer
50 percent of a major watd&ody. '
. Effect would be limited to the immedial Effect would be restricted to the
Localized . .
areawaterbody or subwatershed immediate area water table
Intensity
Aquatic biology chronic effects such ag
algae blooms, species mortality, or oth Effect would prohibit or sharply curtai
Major comparable consequences or water | human potable or nonpotable water
contamination posing secondaigks uses
would occur
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Table 4r13. Evaluation Criteria for Analyzing Water Resource Impacts (ontinued

Evaluation Criteria

Attribute Surface Waters Groundwater
Water Quality (continued
P nas sp ' | and nonpotable water uses
water contamination would occur
Effect would be at a low level of Effectonwould be at a low level of
Minor detection and have ragjuatic biology or| detection and have no contamination
contamination risks risks
Effect on aquatic biology and water Effect to water quality parameters
Negligible quality parameters would be : qua’ity p
. . would beimperceptible
imperceptible
Duration
Long-Term Effect would likely endure for the life of the sounding rocket program or beyol
MediumTerm Effect would likely last for a few months to years
ShortTerm Effect would likely last for a few days to weeks
Wetlands
Context
Global Effect would have worldwide
implications on wetland ecosystems
. Effect would entail one or more
Regional .
ecoregions
Localized Effect would be limited to the wetland i
the immediate area of the impact sour
Intensity
Effectwould generate a conflict with
. Federal and/or state wetland protectior
Major .
programs or violates leederal or state
regulation Not Applicable
Effect may generate a conflict with
Moderate Federal and/or state programs but cou
be mitigated throughonsultations with
regulatory agencies
: Effect would be mitigated through
Minor : . .
consultations with regulatory agencies
. Effect on wetland ecosystem quality
Negligible ; ; .
and/or quantity would be imperceptible
Wetland impact duratioavaluation
Duration criteria would be the same as for wate

quality.
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Table 4r13. Evaluation Criteria for Analyzing Water Resource Impacts ontinued

Evaluation Criteria
Attribute Surface Waters | Groundwater
Wild and Scenic Rivers

Context

Effect would substantially diminish the
Global global protection statusf wild and
scenic rivers

Effect would entail an entire designate
river corridot.

Effect would be limited to the portion o
Localized the river corridor in immediate vicinity
of the impact source

Regional

Intensity
Effectwould generatea conflict with

Major Federa] and/or state WiId_ and scenic ri _
protection programs or violated-aderal Not Applicable
or state regulation
Effect may generate a conflict with

Moderate federg_l and/or state programs put COL.,I|
be mitigated through consultations witl
regulatory agencies

: Effect would be mitigated through

Minor : . .

consultations with regulatory agencies
. Effect on the river corridor would be
Negligible

imperceptible

Wild and scenic river effect duration
Duration evaluation criteria would be the same {
for water quality

432 No Action Alternative
4.3.2.1 Surface Water

Surface water resources of concern include rivers, smaller streams, impoundments (lakes, ponds,
sloughs, etc.), lagoons, wetlands, floodplains, coastal zones, and the Beaufort Sea within the
PFRR launch corridorWild rivers are thosdederally designatedvers thatare managedy the

U.S. Department of the InteridtJSDOI) to preserve a natural statBepending on the location,

the thickness of frozesurfacewater within the PFRR flight corridocan range from a few
centimeters to several meters durinl@rge portion of the year.

Launch Operations

This analysis focuses doththe potential foexhausemitted from rocket motors armbtential

onsite materials handling accidents to affect the quality of stormwaneif from the PFRR
launch site The primary rocket exhaust byproducts of concern include aluminum oxide
particulates and hydrogen chloride gas, which combines with water or water vapor to form
hydrochloric acid droplets (se®ectiond.2.2.]). These materials would likely settle on the
immedate vicinity of the launch pad and snow and/or ice ground cover within tens of meters of
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the pad. In any one area surrounding the pad, the amounts of exhaust materials would likely be
present in small amounts. Since all launches occur in winter, lawsafues would likely
remain on the pad or snow cover until spring melting; some materials could be transported off
site during severe winter storms. It is expected that under normal conditions, rocket exhaust
clouds would disperse relatively quickly.

The EPA does not list aluminum oxide as a hazardous material requiring treatment or disposal.
At the expected low concentrations, aluminum is a nutrieat could benefit plant growth
(Bohn et al.1979) A shortterm hydrochloric ackinduced slight decrease in pH (increase in
acidity) could occur in small drains or ditches near the launch pad.

Runoff from the PFRRaunch sitedischarges through a series of ditches and drains into the
Chatanika River. The launch sitedoes not have or require National Pollutant Discharge
Elimination Systenpermitted stormwater discharge outfalls. The area has limited summer
rainfall and relies on natural drainage features to collect and convey runoff to constructed
dranage featuresLaunch sitlooding from the Chatanika River spring melt and breakup is rare
and normally minor in extent.

The accidental release of hazardous materials such as fuels, oils, lubricants, batteries, alcohols,
and acetone during rocket faah preparation could also impact water qualitjowever, pe-

flight preparations would take place within existing facilities and precautions are taken to
prevent and control spillsPFRR maintains strict adherence with applicable Hazardous Materials
Transportation Act, Toxic Substances Control Act, Resource Conservation and Recovery Act,
and Hazardous and Solid Waste Act regulations and requirements to prevent and control
accidental spills. The potential for rocket propellant or other materials to didematzlly
released during flight is consideredmote however, PFRR emergency response personnel
would mitigate the impact of any spill.

In summarygiven thesmall number of annual sounding rocket launches planned for RR&R,
low quantities of alunmum oxide and hydrochloric acid exhaust residues, lamdrisk of
accidental spillsit is anticipated that the potentiadverseimpactson surface watequality
would belocalized in contextegligible inintensity, and shorterm in duration.

Flight Hardware

This evaluation focuses on the potential fardwarefrom both normal and failedflights to
impact water quality or affect protected waterSpecific issues to be analyzed include the
potential for metals, pollutants, payload batteries and ottzerials to impair water qualiip
generalas well as the specific characteristic$emferally designatedild river segments.

Normal Flights T It is assumed that in most cases, norfiight hardwarelanding inlayers of

snow and ice would likely not penetrate the frozen soil or would enter the soil to a depth of less
than 0.6meters (Zeet). Impacts with rocky materials and thick ice could minimize penetration
depth, whereas areas with underlying wetlandssoiay present reduced resistance, particularly

in the early or later months of the launch seasog.,October or April). The weight, velocity,

and orientationof the falling flight hardwarewould also affect penetration dept8imilarly,

intact stage and payload directly impacting frozerwater bodiescould come to rest on the
surface or could penetrate the ice.
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In most casedlight hardware wouldchot be exposed to fluid aquatic environments until spring
melt, except for sprinfed stream segments ihe Arctic Coastal Plain, Arctic Foothills, and
Brooks Range Ecoregions that may continue to flow dusimger (see Chapted, Sectior3.3.4
fiEcoregionso). The dynamic nature of Beaufort Sea ice breakup defbrming (see
Section3.3.4.1 fiBeaufort Sea Ecoregiono) and river icgams during spring and summer could
alsoaffect thephysical intgrity and distribution of hardware

Steel, magnesium, and aluminum components that enter freshwater or marine environments have
the potential to corrode and introduoetal ions to the water column. During wet corrosion, the
metal electrons combine with atoms of oxygen and water to make a new hydroxyl ion that reacts
to make a stable compound wittie metal ions. These new compounds are either deposited
loosely on tle metalitemds surface or away from it, thus providing little protectilom
continued corrosianOnce corrosion starts, it continues until the ingredientgxénausted It is
estimated that even under letegm interment within the water column, toxaoncentrations of

metal ions would not be produced because of the slow rates of corrosion and mixing and dilution
characteristics of most freshwater and marine envirorsnent

Expended rocket stages may also contain trace amounts of solid propellantnest Buring
normal flights. Solid propellant dissolves slowly, and gsh®llamounts that would likely occur
would dissipate within hours or days in freshwater and marine ecosystems. Potential effects
would likely be most pronounced in close proximity the propellant and in small
(0.05hectare [0.4acre] or less), shallow ponds and sloughs. Of the ecoregions within the PFRR
launch corridor, Yukon Flats likely has the highest overall density of these water features.
However, considering the limitedumber of stages expended over the PFRR launch corridor,
dilution and dispersion effects of freshwater and marine environments, potential biological
immobilization and degradation, and the minor amount of materials likely invoheeg minor,
localizedimpacts on surface water features are anticipated.

Payloads may contain battery electrolytes, hydraulic fluids, and other materials that could affect
water quality. Silver zinc and nickel cadmium are common types of power systems
(NASA 2001) The types, qudities, and combinations of these payload materials can vary with
each flight experimenand are discussed in detail Section4.12, Waste ManagementThese
materials occur in relatively small quantities for most sounding rocket payloads and may be
recovered. In the case of flights that terminate accidentally, recovery teams attempt to recover
all onr and offsite fragments. Based on the relatively low number of flights, small payload
guantities, and established recovery procedures in the event dfire,faegligible impacts on

the quality of surface water features, includimgtlandsand coastal zones, are anticipated.

Failed Flights T The most likelycauses leading to sounding rocket failurevould be non

ignition of a motor during ascent followdy burnthrough of the rocket motor casin§houlda

motor fail to ignite, the vehicle would fall to Earth and explode on ground impgaducing
fragmented metal and small amounts of unspent propel@hould a rocket motor experience
burnthrough,it would most likely expend its propellant prior to landinDepending on which

stage the failure were to occur, upper stages would not ignite and would detonate upon landing.
This type of malfunction, although possible, would be rare and likely fmwvoccurrence
probability of approximately two percetiased on past NASA experienfldickman 2012.

Should such a failure occur,RFRR recovery team would, to the degree possible, locate and
retrieve all components of the rocket.
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It is estimated that a rket vehicle explosion on nemetland areas could create a crater
estimated to be as large améters (2Geet) in diameteryp to 3 metes (10feet) deep, with an

area of 2&quare meters (3&fuare feet). The surface snow, ice, and frozen surfacarstils
immediate area would partly melt. The greater the depth of the snow or ice or the harder the
surface impacted, the lower the amount of land that would be disturbed. During the spring melt
process, runoff could result in soil erosion. The extésbid detachment and transport by runoff
could range from minor sheet erosion to the development of a gully system that may contribute
amounts of sediment. The mechanics of soil erosion for a site would be highly variable and
primarily depend on the vatoe, velocity, and duration of surface runoff, soil morphology,
vegetative cover, and topograph&n example of what would be considered a waoeste failed

flight scenario is shown below fRigure 414, which depicts the impact site of a Black Brant

motar (the third stage of a Black BraXtl launch vehicle) that failed to ignite in Mar@905.
However, other failed flights, such as that of March2003 Terrierlmproved Orion depicted
below inFigure 475, would be expected to have little, if aplgysically induced disturbances to
water resources.

Water resource exposure to unspent quantities of rocket propellant may occur following a flight
failure. It is assumed that most of the propellant would explode upon impact of the failed
payloads or staps and any remaining residual compobise solid propellant would be
fragmented into smaller pieces averaging less th&iog@rams (5pounds). The chemical
material of particular concern would be aluminum perchlorate, which typically composes 50 to
85 percentoy weight of the propellant.

Figure 414. Impact Site of Non-Ignited
Black Brant V from March 2005
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Figure 475. Impact Site of Failed Terrier-Improved
Orion from March 2003

A laboratory study conducted lyang et al.(2003)investigated the rates for perchlorate aske

from compositebase propellants immersed in water as affected by salinity (deionized water and
saltwater solutions) and temperature. Samples were studied at temperatures ranging from 5, 20,
and 29degrees Celsius (°C) (41, 68, andd&grees Fahrenhg°F]). The results showed a

direct correlation between increased rates of perchlorate release with increasing temperature,
higher release rates in pure water than in salt water, and larger immersed samples. The
diffusion? coefficients for tested propents ranged from of 1. 10™° to 3.6x 10™?square

meters per second (1210"? to 3.9x 10'* square feet per second). The estimated time for a
propellant sample to lose 90 percent of its mass to leaching is presen&ddadT14.

Table 4r14. Estimated Timeto Reach 90 Percent
Mass Loss of Perchlorate from Propellant Sample

Water Temperature

Water Type Celsius (Fahrenheit) | Days | Years

29 (84) 200 0.5

Deionized Water 20 (68) 330 0.9
5 (41) 3,800 | 110

29 (84) 270 0.7

Salt Water 20 (68) 540 15
5(41) 6,700 | 180

Source:Lang et al.2003.

? Diffusion is the process lereby material is transported by the random movements of molecules. There is an
average measurable movement of areas of high to low areas of concefitatipet al. 2003)
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Based on the lowest average temperature 6 541"F)3 shown in Tablefrl4, it would take
approximately 11 to 18ears for 9(Qpercent of perchlorate to leach from propellant immersed in
freshwater and marine exystems, respectively.

Based on the low probability of a flight terminating and producing unspent propellant, dynamic
hydrologic dispersion and dilution effects of wave action and ocean currents, large volume of
water available for dilution, and expectstbw rate of perchlorate release, no impacts on
Beaufort Sea water quality are anticipated. For freshwater ecosystems, potential impacts could
occur, particularly in small (less than th&ctare [0.2acre]), shallow ponds and sloughs. At the
expected lav concentrations, ammonium is a plant nutrient that could stimulate plant growth for
short periods. Perchlorate ions tend to react (oxidize) with organic matter that is common to
many wetlands and pond ecosystems within the PFRR launch corridor. Patévéissewater
gualityimpacts would béocalized in contextminor inintensity,andshortterm in duration.

Wild RiversT Four federally designated/ild River segments occur partly or wholly with the
PFRR launch corridor (see ChapBerSectior3.3.2, Table378 fiPoker Flat Research Range
National Wild and Scenic River Segmentso). It is possible for flight hardwarefrom normal
flights and flights that malfunction to land within these river segmdatsm a purely biological

or chemical perspective, fiight hardware were to land within a designated river, the effects
would be the same as equivalent fumsignated water bodieBowever given their special
designation, additional socmultural effects could occur. These potential effects are discussed
in thisPFRR EISn Section4.8, Land Use andRecreation

The potential for sounding rocket hardware to land withild river segments was calculated
(see Appendixz). Potential impact areas would include the designs¥@d river channel and
adjacent lad areas.For a typical launch from PFRR, the potential flaght hardwareimpacts

on the Beaver Creek, lvishak River, and Wind River designaiiddriver segments is estimated

to be6, 4, and up to5 percent, respectivelgsee AppendixG, TableGr2). Potential impact
ellipses range in size from 2,600 28,400square kilometers (1,000 thl,000square miles).
Based on these low relative probabilities, it is estimated that the potential for flight hardware
from a typical launch to land within the desagedWild River corridors is remote; therefore,
impacts are anticipated to be negligibl&dditional information on flight hardware impact
probabilitiesis discussed irsection4.15.9, Cumulative Effects, agppendixG.

Search and Recovery

Payload recovery operation@.g.,handdigging buried items)have the potential to disturb
surface soilswhich in turn could result in sedimelaiden runoff entering nearby waterways
during storm events However,those paylods planned for recoverywould employ recovery
systems (parachutes), which would substantially reduce the potential for Bwtaldingly, e
extent of potential disturbance would be minor in intensity, localized in extent, andeshoit
duration.

3 Average water temperatures in the Beaufort Sea are estimated to be apglgx@f@t(32 °F) (Encyclopedia
Britannica 2011)and average water temperatures in Arbtational Wildlife Refuge NWR) are also expected to
be low due to melting snow and ice.
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Should a helicopter or airplaraccident occur during search or recovery operations, there is the
potential for fuselage metal debris, fuel, and other materials to land in surface water and affect
water quality. Impacts would primarily be associated with the release of fuels andlicydra
fluids. The cleanup of reportable quantities of hazardous materials is also required under the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
(42U.S.C.9601et seq. Since the probability of an accident is remotd #rns anticipated that

spills would be cleaned up to CERCLA standards, no environmental impacts on surface waters
from search and recovery activities were identified.

4322 Groundwater

Subsurface water features of concern include-sedace groundwater agsated with perched

and permafrost talik layer (see ChagBerSectiorB.4.1, fiPermafrostd), water tables, and
perennial springs.Nearsurface water tables a few centimeters taeter (3.3eet) below the
surface are common to the Arctic CoastalifiPlad ecoregions south of Brooks Range. These
systems interact directly with surface water features. Even during the coldest winters, some
groundwater continues to flow beneath much of the PFRR launch corridor.

Launch Operations

Although there is a potential for spills of hazardous materials during flight preparation activities
and deposition of low amounts of rocket exhaust residues on the surface to affect water tables, no
groundwater impact pathways were identified. No pesdnsprings were identified in the
vicinity of the PFRRIaunch site Accordingly, it is anticipated that the impacts timee PFRR

launch sitewvater table or perennial spring water quality would be negligible.

Flight Hardware

Normal and failedflights would producehardwarethat would reside on the surface or could
penetrate the soil during winter. Potential exposure of-si@dace groundwater to metal ions,
perchlorate propellant residues, battery electrolytes, or hydraulic fluids from the limited number
of NASA SRP launches from PFRR would be localized and likely at-teaet concentrations.

Failed rocket impacts and surface detonation could cause an immediate disturbance of
nearsurface groundwater environments, but overall effects would be coedbichegligible.
Impacts on water table or perennial spring water quality or recharge are anticipated to be
negligible.

Search and Recovery

Search and recovery activities could occur in areas withswéace groundwater and perennial
springs. Operatial impacts on groundwater features would be associated with an unintended
fuel or hydraulic fluid spill by a helicopter at the recovery site during debris item extraction.
Fluid spills could also occur from fixeding aircraft or helicopter accidents dugi search and
recovery operations These impact scenarios would rarely occur within the PFRR launch
corridor, and individual events would be isolated and limited in extent. The limited number of
search and recovery operations under the No Action Aligenavould also reduce the
probability of adverse impacts. Therefore, impacts on groundwater resources are anticipated to
be negligible.
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4.3.3 Alternative 1 7 Environmentally Responsible Search and Recovery

Under Alternativel, the number of anticipated rockatinches at PFRR would remain the same

as the No Action Alternative. Additional efforts would be made to locate and recover historic
spent stages and payloads and recover, to the extent practicable, newly expended rocket stages in
an environmentally serisie and safe mannerAccordingly, additional recovergelated surface
disturbance would occur, potentially increasing the potential for sediaen runoffto enter

surface waters. The risk of spills from recovery equipment would also increaseve, the

additional impacts on surface water or groundwater resources beyond those discussed for the No
Action Alternativein Section4.3.2would beminor. NASA would ensure that recovery crews
minimize and mitigate any site damage incurred during recovery

4.3.4 Alternative 2 1 Maximum Cleanup Search and Recovery

Under Alternative2, the number of anticipated rocket launches at PFRR would remain the same
as the No Action Alternative. Maximum practical efforts would be made to locate and recover
historic spent tages and payloads and recover, to the degree possible, newly expended rocket
stages. During search and recovery operations, there would be the potential for impacts that are
minor in magnitude and sherm in duration. Actions would be taken to mirgmiand
mitigate any site damage incurred during recovaowever a more frequent and aggressive
recovery program could result in the greatest potential for immacturface waters through

land disturbance during remoyak well as risk of fuel spills

435 Alternative 3 7 Environmentally Responsible Search and Recovery with
Restricted Trajectories

Impacts on surface water and groundwater quality under Alterratvauld be similar to those
identified under Alternativé in Section4.3.3 with the exceptin of NASAds restricting
trajectories on future launches such that designaileldriver segments would not be allowed to
have predicted impact points for stages or payloads within them. Téssietedtrajectories

could lessen the already low probabilities that spent stages or payloads would land within
designatedVild andScenic Rver segments within PFRR.

4.3.6 Alternative 4 i Maximum Cleanup Search and Recovery wittRestricted
Trajectories

Impacts on surface water and growader quality under Alternativé would be similar to those
identified under Alternativ@ in Section4.3.4 with the exception of NASAGs restricting
trajectories on future launches such that designatiédi and ScenicRiver segments or proposed
WildernessAreas would not be allowed to have predicted impact points for stages or payloads
within them. Theseestrictedtrajectoriescould lessen the already low probabilities that spent
stages or payloads would land within design&t&ldl and ScenicRiver segmats within PFRR.

4.3.7 Summer Launches

There is a possibility that a rocket experiment could be launched from PFRR during the summer.
Compared to winter conditions, interactionflidht hardwarewith surface water or groundwater
resources would be more immedia However, the principles and patterns of possible water
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resource impacts would follow similar trends and ultimate endpoints, as discussed in the
previous subsections related to surface water and groundwater impacts. No further precautions
would be regired related to potential surface water and groundwater impacts should a summer
launch be planned from PFRR.

4.4 GEOLOGY AND SOILS

This section describes potential impacts on geology and soil resources in and around PFRR and
under the launch corridor as a result ofaliernatives

4.4.1 Methodology

The pojectalternatives do not include construction or significant surface alteratiotiastthat

would expose or disrupt geologic formations or impact glaciers, cause slope mass wasting and
debris avalanches, or induce seismic activity. Further analysis of potential consequences to
geologic features is subsequently excluded from thisosecHowever, there is the potential for

soil impacts, including soil damage and soil erosion.

The determination of soil impacts is based on an analysis of the potentREFRR alternative
rocket launch and search and recovacyivities to alter thghysical or chemical properties of
soil or increase the potential for soil erosi@riteria for evaluatingpotential impacts orsoil
resource are presented ihable 4115.

Table 4115. Evaluation Criteria for Analyzing SoilsImpacts

Attribute Evaluation Criteria

Type

Adverse Th_e impact would result in some level of impairment, degradation, or disturbang
soil resources.

Beneficial The impact would result in some level of environmental improvement to soil
resources.

Attribute Soil Chemistry
Context
Global Effect would have worldwide implications on the quality of soil resources
. Effect would be transported by runoff or stream flow throughout the watershed,

Regional . :
subbasin, or basin

Localized Effect would be isolatetb the area affected by thiisturbance source

Intensity

Major Effect _would generate a substantial change in multiple _soil ch_emistry_ parameter
result in the eradication of one or more naturally occurring soil organisms
Effect would create a noticeable change in one or more soil chemistry paramete

Moderate o : . . : . )
result indiscernibledeclines in naturally occurring soil organisms
Effect on soil chemistry and/or soil organisms would be at a low level of detectic

Minor and presemo contamination risks; effect could be mitigated by onsite personne
consultations with regulatory agencies

- Effect on soil chemistry and/or soil organisms would be at the lowest level of
Negligible d . . )
etection or imperceptible
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Table 4r15. Evaluation Criteria for Analyzing SoilsImpacts (continued

Attribute Soil Chemistry (continued)
Duration

Effect on soil chemistry beyond natural thresholds and/or declines in soil organi

Long-Term would persist for the duration of the program or beyond
MediumTerm ifaercst on soil chemistry and/or soil organisms would stabilize within a few montt
Effect on soil chemistry and/or soil organisms would stabilize within a few days
ShortTerm
months
Attribute Soil Erosion
Context
Global Effect would have worldwide implications on the quality and/or quantity of soil
resources
Redional Sediment generated by the disturbance source rill and/or gully erosion features
9 discharged offite onto adjacent land areas, wdtedies, and/owatershed streams
. Sediment generated by sheet and/or rill erosion features remasite anclose
Localized - . . : .
proximity to the disturbance source and is not discharged into water resources
Intensity

Impact site disturbances are extensive andnment gully features deliver substant
Major amounts of sediment offte that may smother terrestrial vegetation or is discharg
into water resources; a violation of the Clean Water Act

Impact site exhibits prominent area of bare ground ahamil/or gully features are
present; generated sediment primarily remainsiten

Impact site exhibits physical soil disturbances and soil sheet and/or rill features
Minor present but would quickly stabilize or be mitigated by onsite personnel or
consultations with regulatory agencies

Impact site exhibits small areas of ground disturbance and the effects of erosior

Moderate

Negligible imperceptible; no distinguishable erosion features would.form
Duration
Long-Term Effect of gully soil erosion feates would persist for the duration of the program o

beyond

MediumTerm | Effect of rill and/or gully soil erosion features would stabilize within months to ye
Effect of sheet and/or rill soil erosion features would stabilize within wieeks
months

ShortTerm

442 No Action Alternative

Activity-induced soil erosion and sediment generation and offsite delivery can damage and
destabilize soils, impact water quality, and alter localized area biological productivity. The
Gelisol soil order, whichis dominant within the Arctic Coastal Plain, Arctic Foothills, and
Brooks Range Ecoregionis, particularly sensitive to surface disturbance, and impacts are often
long-term and irreversible (see ChapserSectior8.4.5 fiEcoregionso). Disruption of surface

soils hat alters the seasonal patterns and properties of thawing and freezing could adversely
affect permafrost integrity. The sandy soil texture that characterizes many soil series in the
Entisol soil order thatrequertly occupes portiors of stream and river floodplains and sandy to
silty soil texture of soil series in the Incepitosol soil order may be particularly susceptible to
runoff-induced soil erosion and sedimentation (Sec3idm, fiSoil Orders,0 and Table3T11,

fiPoker Flat Reseelr Range Soil Orderso). Entisols and Incepitosols are commonhe Interior
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Foresed Lowlands and Uplands, Interior Highlands, and Yukon Flats Ecore(geesChapte3,
Section3.4.5).

4421 Launch Operations

This analysis focuses on the potential impactsramket launches and accidental spills of
chemical materials during launch preparations on PFRR launch pad area soil chemistry and soll
erosion. During launches, the rocket compesdse motors would deposit aluminum oxide
particulates and hydrogen acitbdlets created when hydrogen chloride gas combines with water
or water vapor. These materials could come into contact with soils not covered with snow in the
immediate launch area.

The ground concentration of aluminum oxide and hydrogen acid per laueahis anticipated

to be small, and deposition of measurable levels from moving exhaust clouds would likely be
negligible. Hydrogen acid droplets would be dispersed in the exhaust cloud and would likely not
reach concentrations that would affect soil. pHowever, aluminum oxide has the potential for
long-term residence in the soil environment, which could affect soil chemistry. It is estimated
that expended aluminum oxide particulates would be confined to the immediate soil area and
would remain withina few centimeters of where they first contacted the soil because of the
strong retention characteristics of inorganic and organic components, plant uptake and decay,
and other mechanisms. Once released, metal molecules become mobile or immobileilin the so
depending on the site characteristics of the soil, vegetation, hydrology, and climate. Aluminum
is a plant nutrient that may be sequestered by plants near the launctfBpladset al. 1979
McLean and Bledsoel992. It is expected that over multiplaunches, aluminum oxide and
hydrogen chloride in the soil would remain at ruooitical levels. Additional soil disturbance
could increase the mobility and availability of aluminum, as well as its susceptibility to offsite
transport.

Preflight preparation could result in accidental spills of hazardous materials such as fuels, oils,
lubricants, batteries, alcohols, and acetone during rocket launch preparation, which in turn could
affect soil chemistry. However, nearly all prdaunch activities involving ich substances are
performed within shelters or buildings, further reducing the potential for a reled@B&R
maintains strict adherence with applicable Hazardous Materials Transportation Act, Toxic
Substances Control Act, Resource Conservation and Rgcéwee and Hazardous and Solid
Waste Act regulations and requirements to prevehicantrol accidental spills.

In summary,it is anticipated that the potential impaas soils associated with the limited
number of annual sounding rocket launches (amageeof four per year), low quantities of
aluminum oxide and hydrochloric acid residues, lamdprobability ofaccidental spillat PFRR
would belocalized in contextegligiblein intensity, and shotterm in duration

4422 Flight Hardware

This evaluation focuses on the potentialffyht hardwarerom normal flights and failed flights

to impact PFRRlaunch siteand launch corridor soil environments. Specific issues to be
analyzed include the potential for falleardwareto affect soil agsturbance and erosion and for
metals, propellants, payload batteries, and other materials to impact soil chemistry.
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Normal Flights T For normal flights, a rocket stage returning to Earth at ballistic velocities could
disturb and displace soil materiaa impact. However, since all launches would be conducted
during winter, when the surface is covered in snow and ice, the potential damage to the surface
would be significantly reduced. It is anticipated that nfiligiit hardwarewould not impact the

ground surface but would remain in the ice or snow until the area thaws, and the items that do
impact the ground surface would result in minor secondary soil disturbance. Under winter snow
and ice cover and frozen soil conditions, no soil erosion impaategnadation of permafrost

from flight hardwareis expected.

Rocket steel, magnesium, and aluminum components that reenter and land on the ground could
corrode and introduce metal ions to the soil environment. During dry corrosion, metal atoms and
oxygencombine to produce a protective surface layer of converted metal (oxide) that does not
react with oxygen in the air or the metal. Eventually, the layer of oxide grows so thick that the
movement of electrons and ions that fuels the corrosion process ftopgided the layer of

oxide is thick enough and not cracked or perforated, the metal is protected from further
corrosion. However, the protective layer may crack and spall due to the differences in the
thermal expansion coefficients between the coorogiroducts and the metal. Dry corrosion is
primarily regulated by climate and soil chemistry and ranges from a few years to hundreds of
years(USEPA 2001, 2002 Rashidi et al.2007). In most cases, metal ions introduced to the soil
surface tend to be legively immobile or move slowly through the soil profi{kicLean and
Bledsoel992. The relatively low rainfall and cooler climate of PFRR reduce metal corrosion
rates compared to warmer, wetter climatés such, 0 measurablempacts on PFRRaunch

siteor launch corridor soil chemistry are anticipated from the corrosion of metal debris.

Expended rocket stages may also contain trace amounts of solid propellant, and vehicle payloads
may contain battery electrolytes, hydraulic fluids, and other tmeterials that could affect soil
chemistry. Perchlorate in the soil at levels of about 100 to hy@dgrams per liter (100 to
1,000parts per million) could decrease soil respiration, which may adversely affect nutrient
cycling and plant growth. Hower, the levels of perchlorate in the soil associated with normal
flights are expected to be well below lfdligrams per liter (10(arts per million). The
buffering capacity of soils with substantial amounts of organic matter would further diminish
potential effects on soil chemist§rederer and Hornbeck1985) Based on the relatively low
number of flights, small payload quantities, relatively small ground area that would be affected,
low levels and decomposition rates of perchlorate in the soil, racovery procedures as
outlined in Sectiod.3.2.1, adverse impacts on soil chemistry would be stearh, negligible,

and localized

Failed Flights T Failed rockets that fall to the Earth and explode on impact could affect surface
soil physical and chemat environments. It is estimated that a rocket vehicle explosion en non
wetland areas could create a crater estimated to be umtteBs (2Geet) in diameterup to

3 meters(10feet) deep, with an area of 2uare meters (3®uare feet). The suda snow,

ice, and frozen surface soils in the immediate area would partly melt. During the spring melt
process, runoff could result in disturbance area site soil erosion and subsequent offsite sediment
delivery. Sediment generation and deliveme discissed in Sectiod.3.2.1. Most of the
propellant wouldbe consumed at impact or in secondary kmffa of dispersed materialn
summary potential adverse impacts on soil erosion would be possible, minotemsity and
mediumterm in duration. Shortterm, localized, negligibleadverseimpacts on soil chemistry

are anticipated.
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4.4.2.3 Search and Recovery

Under the No Action Alternative, expended payloads would only be recovered if desirable for
scientific or programmatic needs. No impacts on soil resoussEiated with the transfer of
materials from helicopter to fixeding aircraft for ultimate delivery to the PFR&unch siteare
anticipated.

Recovery operations have the potential to disturb surface soils; however, the effects are expected
to be negligole. Since offroad vehiclegi.e.,snowmachines)ould only be used in response to

an offtnominal flight that would have landed immediately downrange from the launclsailte
compaction and rutting damage would no¢ expected. Snow at depths greater than

25 centimeters (10incheg has been found to measurably reduce potential subsurface
disturbances froomuch largeroff-road vehicles(Felix and Raynolds1989) and given that a
snowmachinebased response would not likely entaibny passes over the same trail, any
effects would be negligiblelt is possible that small quantities of fuels or lubricants could be
deposited along regularly used trdilsgersoll 1999); however the limited use of these vehicles
would not result irmeasurable impactsn soils. Should a helicopter or airplane accident occur
during search or recovery operations, there is the potential for fuselage metal debris, fuel, and
other materials to affect soils. However, based on previous analggigjibleadversampacts

on soil chemistry are anticipated and adverse impacts on soil erosion would be minor in
magnitude and mediwterm in duration.

4.4.3 Alternative 11 Environmentally Responsible Search and Recovery

Under Alternativel, the number of anticipateocket launches at PFRR would remain the same

as the No Action Alternative. Additional efforts would be made to locate and recover historic
spent stages and payloads and recover, to the extent practicable, newly expended rocket stages in
an environmently sensitive and safe mannerTherefore, potential impacts beyond those
discussed for the No Action Alternative wouldr@or.

4.4.4 Alternative 21 Maximum Cleanup Search and Recovery

Under Alternative2, the number of anticipated rocket launches at PB&Rd remain the same

as the No Action Alternative. Maximum practical efforts would be made to locate and recover
historic spent stages and payloads and recover newly expended rocket stages. During recovery
operations, there would be the potential falased impacts that are minor in magnitude and
shortterm in duration. Actions would be taken to minimize and mitigate any site damage
incurred during recovery. No additional impacts on soils beyond those discussed for the No
Action Alternativein Sectiond.4.2are anticipated.

4.4.5 Alternative 317 Environmentally Responsible Search and Recovery with
Restricted Trajectories

Impacts on soils under AlternatiBewould be identical to those identified under Alternafivie
Sectiond4.4.3, with the excepdn of NASAds restrictingtrajectories on future launches such that
designatedVild River segments owildernessAreas would not bpermittedto have predicted
impact points for stages or payloads within them. Tiheskictedtrajectories would not charg
the potential impacts on soils within PFRR.
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4.4.6 Alternative 4 1 Maximum Cleanup Search and Recovery wittRestricted
Trajectories

Impacts on soils under Alternatidewould be identical to those identified under Alternafivie
Sectiond4 4.4, with the excepdn of NASAGs restrictingtrajectories on future launches such that
designatedVild and ScenicRiver segments owWildernessAreas would not be allowed to have
predicted impact points for stages or payloads within them. Trees#ctedtrajectories would
not change the potential impacts on soils within PFRR.

447 Summer Launches

Compared to winter conditions, interaction of rocketgeswith soil resources would be more
immediate because there would not be as much snow and ice on the surface to cushion the
impact of spent stages or payloads. However, the principles and patterns of possiblatsdil
impacts would follow the same trends and ultimate endpoints, as discussed in the previous
subsections, and nsubstantialdirect impacts on soils are expected result from summer
launches. Indirect impacts could result from the increased likelihood of a wildfire starting as a
result of a spent stage igniting such a fire. Under such circumstances, before a summer launch
was conducted, additional precautionsulobe taken to minimize the risks associated with
igniting such a fire, including notifying appropriate fire patrol personnel.

4.5 NOISE

This section describes potential impadteat would result from noise generatdéy the
alternatives The primary focus othis section is to characterize the noise levels that would
occur The potential effects of the noiseon receptors €.g.,wildlife, recreational users) are
discussed within eaalesourceds respective section.

45.1 Methodology

Noise impactould result from routine PFRR activities, employee vehicles, delivery vehicles,
rocket launches, and search and recovery activities. Noise from ongoing routine activities at
PFRR isevaluatedqualitatively. Noise from sounding rockeiad search and recoveaycraft

is provided in a quantitative format

Estimation of Rocket Noise

NASA estimated rocket noise levels using a simple methodology that consaersl ofthe
primary performance factors of a rockethe overall sound powesf a rocket is taken tde
onehalf percent ofits mechanical powemechanical power is simply half the product of the
rocket thrust and the gas velocity at the rocket nozzle exit plane. The gas exit velocity does not
vary too much for different rockets, so it is tteust that mainly determines the sound power.
When these parameters are known, a source level calculation can be made.

Noise impacts fromhie BB XIl and T-1O launch vehiclesre presented as they anepected to
generate the highest noise levels of the launch vehicles planned for future use at PFRR.
Although other launch vehicles may be used at PRRé&tr;, associatedoise levels are expected

to be less than or equal tiee BB XII and T-I0. Much of thediscussiorregarding rocket noise
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is adapted from theSRPSEIS (NASA 200(), with appropriate modifications to focus on
launches from PFRR.

An additional quantitativanalysis that was not performed for BBRPSEIS(NASA 200(), but

is included in tis section is the characterization of potential sonic booms felt on the ground
during flight. For this analysis, NASA employed the PCBoom4 computer niBtekin and
Grandi 2002.

Estimation of Aircraft Noise

Aircraft noise levels from search and recovery activities were calculated usingetlezal
Aviation Administrationés INM [Integrated Noise Model](FAA 2008) Each search and
recovery operation would warrant specific consideration, and accordingly, etyvafi craft

could be flown. The specific vehicles that were chosen for this EIS are representative of the
class of aircraft that would be employed by PFRR during such eff@tker aircraft may be
usedby PFRR;however noise levelsvould not beexpeced todeviate substantially frorthose
evaluated

An important consideration when assessing sound generated by aislait distancewhich is a
combination of aircraft heighbove ground level (AGLand the horizontal distance from the
receptorto an aircraft not directly overheadA National Park Service studiAnderson and
Horonjeff 1992) described the relationship between increasing altitude or slant distances and
diminution of sound levels. Very large reductions in sound levels (on the ordEs of
25decibels §IB]) are experienced as altitude or slant distance increases38dm 305metes
(125 to 1,00Gee). Increases fron305 to 610meters {,000 to 2,000eel) in altitude would
produce smallerbut still moderate to substantialeductions (on the order of % 8 dB).
Between610 and 2,138neters 2,000and7,000feef) AGL, 305meter (,000foot) increases in
distance produce considerably smaller reductions in sound levels (on the ordersafB® and
above2,133meters 7,000 fee)) AGL, each305meter (,006foot) increase in altitude results in
only very small reductions in sound leya&hderson and Horonjeff 1992)

Classification of Impacts

For the evaluation of magnitude of noise impacts, major impacts would be anydihiatime
noise levels that interfere with losigrm use of nearby properties or displacement of wildlife in
wilderness or wildlife refuge aredseeSection4.7). Moderate impacts would be those that
result in temporary interference with intended useseadrioy properties, temporary startle of
wildlife, or temporary interference with the natural experience of visitors to a wilderness,
wildlife refuge, or recreation area, such as from lthwe-level overflight of a search plane or
helicopter. Minor impacts auld be those that result in measurable noise levels but do not
normally interfere with activities, result in startle of wildlife, or normally interfere with the
natural experience of visitors to a wilderness, wildlife refuge, or recreation area, suomas f
employee traffic. Negligible impacts would be those thatrareeasurable

For the evaluation of duration of noise impacts, sterh impacts would be any that occur for
brief periods that are much less than the total project life, such as front lamekehes, which
typically only produce firsstage noise for a few seconds and overall launch noise for a minute
or two. Mediumterm impacts would be any that occur for relatively brief periods less than the
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total project life but may occur repeatediuich as from search and recovery operations.
Long-term impacts would be any that occur for periods longer than meeéiumand as long as
the life of the project or longer, such as routine operations at PFRR and employee traffic.

Although data are not adily available to characterize the naturally occurring sound levels
within PFRRds downrange lands, the National Park Seree (NPS2008) conducted such a study
during summer in nearby Denali National ParkAverage sound levels ranged from
approximately 23lecibels Aweighted (BA) to 41dBA, depending upon site. The highest
sound levels were recorded at a location near flowing water and elevated levels of aircraft
activity. It is acknowledged that the land areas may experience different seasonal erses;patt
however, the information collected may serve as a reasonable proxy of conditions within the
PFRRIaunchcorridor.

45.2 No Action Alternative

As stated in Chaptéd, Sectior3.5, sources of noise from daily activities at the PFRRBnch site
include ventiation systems, delivery vehicles, and employee vehicésntinued launch and
recovery of NASA sounidg rockets would be consistent with existing sources of noises at PFRR
and no additional impacts are anticipated under the No Action Alternative.

Launch Operations

Noise generated by the suborbital SRP flights can be groupedhie® general categories:
launch noise, flight noise, and landing noisaunch noise is heard primarily in the immediate
vicinity of the launch site.Flight noise and landing ree have not been investigated in this
detail because they are at heights at which the noise cannot be heard or in areas where humans
are not expected to be, such as near impact points for returning spent stagksld Baund

levels of soundingocketlaunchesare presented iable 4116. The four most powerful rocket
motorsin the NASA SRP that have previously been used at PFRRatwe (the first stage of the

BB XII), Taurus (thesecondstage of theBB XllI), Terrier, and Nike, listed beginning witie

most powerful. These sound levels will persist for a fraction of a minute as the launch vehicle
gains altitude. Increasing distance and atmospheric attenuation then sharply reduce the sound
level at the ground.

Table 4r16. Far-Field Sound Levels Due to
Sounding Rockets Program Rocket Launches

Overall Maximum Sound Levels (dBA) at

Launch Sound Power| Distances (D) from Launch Pad

Rocket (KNm/s) D=1km|D=3km| D=11km
Talos 2,700 110 97 75
Taurus 2,700 110 97 75
Terrier 1,700 110 96 74
Nike 990 107 91 71

Note: To convert kilometers to miles, multiply by 0.6214.
Key: D=distance; dBA=decibels -eighted (referenced to 2énhicro Pascals)
km=kilometers; kNm/s=kilo Newtometer per second.
Source: NASA2000.
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Sounding rockets reach supersonic speeds vegklgui.e., after several secondshowever

they generally would not generate a sonic boom noticeable on the ground due to their high angle
of ascen{Downing 2011) As long asarockets motorsare burning, noisevould be generated,
especially at thdower altitudes when the air density is appreciablbove a 1Gkilometer

(6-mile) altitude, where vacuum conditions are approached, no swould be propagatedin

the case of a typical-TO launched from PFRR, the vehicle reaches this altitude abxippately
15seconds into flight; a typical BRIl would be expected to reach the same height at just over

25 seconds of flight time.

When the rockés motors are no longer burningnly aerodynamic noiseould prevail. As the
spent rocket stagegenter theEarthos atmosphere at supersonic speeds, sonic booms may be
heard on the groundhowever they would be very small when compared dommonly
encounteredources of sonic booms, including jet aircrafthe sonic boom analysis indicated
that atypical reenteringBB XII fourth stage would generate a sonic boom of approximately
0.2pounds per square foaequating to a instantaneoupeak sound level directly under the
boom footprint of approximately 11dB (Downing 2011) The durationof the low-frequency
sound would be very bright approximately 3@nilliseconds. In an unrelated study of sonic
booms of similar magnitude,bservers on the ground who were operating the sonic boom
recording equipment within the predicted footprint of the sewgwbcket boom fiheard the boom

but felt that they would not have noticed it had they been engaged in an unrelated activityo
(Plotkin et al 2006). By comparison, sonic booms generated by supersonic aircraft typically
have overpressures 5 to thihes asarge b to 10kilograms per square meter fo 2pounds per
square fod) and last for 100 to 500 milliseconds

Descending sounding rockets would be expedddrop below the speed of sound at
approximately 9,00éneters (30,00€eet) altitude.Spent stges or incoming payloadsaveling

at subsonic speedswvould producea characteristic whistling sountbllowed by amomentary
impacttype sound as theland onsoil, ice,or a water surface. Acoustic wawesuld propagate
below the surface of solid grourat ice pack The sound produced and spreading of sound
waves through the groundould depend on the nature of the ground mateti@ presence of
snow and ice should help cushion the blovhe impact noise of stage ompayload hitting the
ice pack ovethe Arctic Ocean and possibly penetrating the ice pack was estimated to result in a
low-frequencyimpulse noise of less than 188 (referenced to inicro Pascal). Based on the
transmission loss curves presentedBuck (1966) and Roth (2008) the lowfrequency noise
could be attenuated by 80 to @B in 100kilometers (6dmiles). Higheffrequency noise would
be attenuated much more rapidly.

In summary,the noise impact from routine PFRR activities, employee vehicles, and delivery
vehicles would be regnal, adverse, lorterm, and minor. The noise impact from rocket
launches and spestage reentry and impact would be regional, adverset&orf andminorin
intensity

Search and Recovery

Estimates of noise levels on the ground under search aogergcaircraft typical of those that
may be used in support of search and recovery operations at PFRR are presSksibézs w17
and 4718. Permit conditions for flights over ArctitllWR and Yukon FlatdNWR request a
minimum flight altitude of 610neters (2,000feet) AGL, except for takeoff and landing
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(USFWS2011a, 2011h) At this altitude noise levels on the ground would be between 60 and
65dBA from an overflight of a fixeeing aircraft. Noise levels from a hovering helicopter
would be 51dBA for a Bell 206 and 6@IBA for a Bell214. Noise generated during search and
recovery aircraft operations is of medium duratioAlthough no recovery operations would
expose persons to unsafe noise levels, there is the potential for temporary annoyancd if relate
sounds were heard within the context of tteural quiet of a wilderness, wildlife refuge, or
recreation area. The quiet ahinhabited areas may be temporarily interrupted by aircraft
activity from search and recovery operations. However, aircrdivitgc would be very
infrequent (less than several flights total per year) sounds of overflightsare familiar to
residents of these areagho rely on aircraft as a primary means of yeamd transportatian

Table 4r17. Typical Noise Levels at Ground Level
Under Fixed-Wing Aircraft Operations (decibels A-weighted)

Altitude
(meters AGL) Aviant Husky Short Skyvan
91 82 86
150 76 81
305 68 73
460 65 69
610 60 65

Key: AGL=above ground level.

Note: Aviant Husky or comparable fixeding aircraft would be used for search
operations and shorteange recovery operations. The Short Skyvan or
comparable aircraft would be used for long@nge recovery operations. To
convert meterdo feet multiply by 3.281 Levels indicated are the maximum
sound levels in decibei-weighted (referenced to 2ficro Pascals)

Table 4r18. Typical Noise Levels at Ground Level
Under Helicopter Operations (decibelsA-weighted)

Bell 206 Jet Ranger Bell 214 Huey |l
Altitude Constant Speed Constant Speed
(metersAGL) Departure Hovering Departure Hovering

8 N/A 98 N/A 110
15 N/A 91 N/A 102
91 82 71 88 82
150 77 66 83 76
305 70 59 76 68
460 67 55 72 64
610 63 51 68 60

Note: The Bell 206 Jet Ranger a comparable helicopter is typically used for search and
recovery operations when the payload or spent stage is within the lift capability of this
lighter helicopter. The Bell 214 Huey Il or comparable helicopter typically used for
recovery operations vem the spent stage is heavier than the lift capability of the Bell 206
Jet Ranger. To convert meters to feet, multiply b®8R. Levels indicated are the
maximum sound levels in decibélsweighted (referenced to 2ficro Pascals)

Key: AGL=above ground level; N/A=not applicable.

In summary, he adversenoise impact from search and recovery operations woutddienalin
scope mediumterm andminor.
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45.3 Alternative 1 1 Environmentally Responsible Search and Recovery
45.3.1 Launch Operations

Under Alternativel, noise impacts from routine operations and launch activities would be
similar to those under the No ActioAlternative. The noise impact from routine PFRR
activities, employee vehicles, and delivery vehicles would be regional, ad\grg¢erm, and
minor. The noise impact from rocket launches and sgtage reentry and impact would be
regionalin scope adverse, shotermin duration andminorin intensity

45.3.2 Search and Recovery

Estimates of noise levels on the ground under seamdhrecovery aircraft would be similar to
those under the No Action Alternative, but the number of search and reoperations would
be greater.Accordingly, he noise impact from search and recovery operations woudcehéer
than the No Action Altmative

A key difference betweeAlternativel and theNo Action Alternativeis thelevel ofrecovery of

spent rocket stages. Under tN@ Action Alternative the payloads that would be recovered
would most likely return to land via parachute, requiriredatively little onthe-ground
manipulation that could generate elevated sound levels. In the case of removing spent stages,
some of which would landnd embecdosedown, it is likely that power tools could be needed to

cut the motor into manageableesizpieces or to cut off the stage to below ground level in a case
where full removal would cause more damage than partial remdta.most likely power tool
employed would b@ gasolinegpowered ficut-off sawp which has been found to generate sound
levels of approximate@5dBA at 1.5meters(5fed) distance ¢stimated atlO8dBA at the
source)when cutting steel reb@Eaton 2000)

The rate at whichthe sound fromthese activitiesvould attenuatevould be hidply dependent
upon where the work is taking plaead the weather conditiong-or example, conducting a
recoveryand disassemblgperationon a day with little windwithin an open, rocky area with
little buffer between the activity and a receiver couklein sound levelsh excessof 40dBA

at 1.1kilometers (0.7 miles). However, performing the same work within an area of dense
conifers could result iadditional attenuation on the order ofiB for every 3dmetess (100fed)

of distance (per the cueg presented iAylor [1971]), resulting in 4@BA at an approximate
distance of 12@netess (400fed).

The presence of deep powder, which would occur on downrange lands during recovery-of an off
nominal flight in winter, can also provide substantial attenuation (and was not considered in
either case presented above), further reducing the intensity ofutthd. s& study conducted for

the National Park Servicby the U.S. Department of Transportation found deep snow to provide
an additional attenuation of nearlydB per doubling of distancdrom the source
(USDOT 2008.

In summary,sound levelgeneratedrom disassembly of rocket motomsould likely be above
background levels within the downrange lgnuswever, ineither scenario, the sound generated
would be shorterm (.e.,generally less than an hourrpaotor), infrequent and depending on
specific onditions, wouldbe confined to a limited distance from the source
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Overall, roise generated b&lternativel search and recovery would bensidered regional in
scope, adverse, medidt@rm in durationand moderate in intensity.

45.4 Alternative 2 1T Maximum Cleanup Search and Recovery
454.1 Launch Operations

Under Alternative?, noise impacts from routine operations and launch activities would be
similar to those under the No Action Alternative and AlternativeThe noise impact from
routine PFRR activities, erfgyee vehicles, and delivery vehicles would be regional, adverse,
long-term, and minor. The noise impact from rocket launches and-sfa&® reentry and
impact would be regional in scope, adverse, steonh in duration, and minor in intensity.

45.4.2 Search and Recovery

Estimates of noise levels on the ground under search and recovery aircraft would be similar to
those undethe No Action Alternative andlternativel, but the number of search and recovery
operations would be greatefAccordingly, he noisempact from search and recovery operations
would bethe greatest of the alternatives and considered regional in scope, acheztisgrterm

in duration and moderat@ intensity

455 Alternative 3 7 Environmentally Responsible Search and Recovery with
Restricted Trajectories

Noise impacts under Alternatidwould be identical to those identified under Alternative 1 in
Section4 5.3 with the exception of NASAGs restrictingtrajectories on future launches such that
designatedVild and ScenicRiver segments oWildernessAreas would not be allowed to have
predicted impact points for stages or payloads within them. Tress#ctedtrajectories could
result in lower probabilities that future rocket launches from PFRR would impact in these areas.

4551 Launch Operations

The noise impact from routine PFRR activities, employee vehicles, and delivery vehicles would
be regional, adverse, losigrm, and minor. The noise impact from rocket launches and spent
stage reentry and impact would be regional, adverse;t&hortand minorin intensity

455.2 Search and Recovery

Since theWild andScenic Riversegments owildernessAreas may attract a greater number of
visitors due to their designations, avoidance of these areas would result in fewer search and
recovery actiongvithin the area and less potential noise impacts on visitors.

The noise impact from search and recovery operations would be regional, adverse -teedium
andmoderate in intensity
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45.6 Alternative 4 i Maximum Cleanup Search and Recovery wittRestricted
Trajectories

Noise impacts under Alternatidewould be identical to those identified under Alternagivie
Sectiond .5, with the exception of NASAds restrictingtrajectories on future launches such that
designatedVild and ScenicRiver segments owWildernessAreas would not be allowed to have
predicted impact points for stages or payloads within them. Tress#ctedtrajectories could
result in lower probabilities that future rocket launches from PFRR would impact in these areas.

45.6.1 Launch Operations

The noiseémpact from routine PFRR activities, employee vehicles, and delivery vehicles would
be regional, adverse, losigrm, and minor. The noise impact from rocket launches and spent
stage reentry and impact would be regional, adverset&nmorf andminor inintensity.

45.6.2 Search and Recovery

SinceWild and Scenic Riversegments oWildernessAreas may attract a greater number of
visitors due to their designations, avoidance of these areas would result in fewer search and
recovery actions within the area and Ipetential noise impacts on visitors.

The noise impact from search and recovery operations would be regional, adverse -teedium
and moderate intensity

457 Summer Launches

The noisegeneratedrom rocket launches and spent stage reentry and impact wontdchue to
be regional, adverseshortterm, and moderate. The noigeneratedrom search and recovery
operations wouldhot likely change anevould continue to be regional, adverse, mediernm,
and moderate.

4.6 VISUAL RESOURCES
46.1 Methodology

Visual resource assessmeimtshis sectionare based on a description of the viewshedthad

U.S. Bureau of Land Managementds (BLMds) visual resource management (VRM) classification
(USDOI 198&). A qualitative visual resource analysis was conductedetermine whether
disturbances associated with the launch and recovery of NASA sounding rockets launched from
PFRR would alter the visual environment of the PHRIch siteor launch corridor.Both the

degree of contrast betwed¢he alternativesand theexisting visual landscapand the visual

impact of a person discovering a payload or spent saageresented. The ROI for visual
resources includes areas within the PARIEch siteand the PFRR launch corriddrhe BLM

VRM classification is further desibed inChapter3, Section3.6, of this EIS.

An impact to visual resources would be considered major if a component of an alternative were
to change the overall appearance of the ROI and would result in a change in the BLM VRM
classification. A moderat@enpact would result in a change in the visual appearance of an area
within the ROI and result in a change in the BLM VRM classification; however, the change
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would be limited toa 2-kilometer (Xmile) radiussurrounding the payload or spent stage. A
minor to negligible impact would result when there would be little or no change to the visual
appearance of the ROI, there would be no change to the BLM VRM classification, and the visual
impact would be limitedto the immediate area surrounding the payload or spent stage.
Regarding duration, a visual impact would be considered-termg if the effect lasted longer
than5years, as could be the caseaipayload or spent stageere left in an area with high
visibility for more than 5years; mediunterm if the payload or spent stager@left unrecovered

in an area with high visibility for 05 years; and shoterm if the payload or spent stagene
recovered withirl year of being launched or locatedan area wh high visibility.

4.6.2 No Action Alternative
46.2.1 Launch Operations
Launch Site

The PFRRIlaunch siteconsiss of a developed area with offices, rocket launch facilities, a
blockhouse, pad support, and a rocket storage building. Under the No Action Alternative, no
measurablehanges would be made to the appearance of the RitREh site

Rocket Flight

During the launch of a sounding rocket, the vehicle propels a scientific payload to the upper
atmosphere, after which the payload and spent rocket stages fall back to Earth along a parabolic
trajectory. Most launches would occur at night. When laundhedsounding rocket can be

seen for approximately 2Econds from the PFRIBunch sitebefore disappearingFigure 416

shows a NASA sounding rocket launch from PFRR in A20il1.

Figure 476. Sounding Rocket Launch at Poker Flat Research Range
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The impacton visual resources from the launching of sounding rockets would be minor and
shortterm. No change inBLM VRM classification(USDOI 1986) would be anticipatedor
the areas within the PFRR launabrridor.

Flight Hardware

When the payloads and spent stages return to the Earth, they land within the PFRR launch
corridor. Figures 4717 through419 show sounding rocket stages that have landed within the
PFRR launch corridor. Payloads and spent stages that would occur undéo thetion
Alternative would have similar appearancas presented in Figurds7 through 49.

. ok 3 O ..1&}5?

Figure 418. Aerial View of a Payload Within Poker Flat ResearchRange
Launch Corridor
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Figure 419. PayloadWithin Poker Flat
Research Range Launch Corridor

Discovery of spent stages or payloads within the PFRR launch corridor could negatively impact
some visitorsd experience. Others may find it a positive experience to discover a spent stage or

payload. In 2010 and 2011, the University of Alaska Fairbanks (UAF) and NASA received
feedback from users of the areas within the launch corridor who have located spent stages and
payloads. The comments received expressed both positive and negative reactions of these
visitors from locating the spent stages and payloads within the launch corfithar.visual

impact would be on a persday-person basis and would be influenced by the perception of the
individual.

The intensity of the impact would be dependent upon evfigsht hardware is located and how

often it is seen by users of the downrange lands. It is likely that given the remote and vast nature
of the launch corridor, many stages and payloads would go unnoticed. In that case, there would
be little or no impakc In contrast, although the physical extent of the impact site would be small
and limited to the area immediately surrounding the payload or spent stage (thereby deemed
minor in most circumstances), its lotgrm presence in a higlalue environmental &ure such

as aWild River or WildernessArea would most likely be considered a moderate impact. The
duration of impacts on visual resources would vary depending on how long the stages and
payloads were left unrecoveredn general, few payloads (and evéewer stages) would be
recovered. Accordingly, impacts would most likely be kbegn.

4.6.2.2 Search and Recovery

Searches for the payloads and spent stages would be conducted bwifigedircraft, as
discussed in AppendiX. Due to the vastness of the FRRaunch corridor, payloads are often
not visible and difficult to locateBrightly colored parachutes are deployed with some payloads
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